The authors examined whether perception of contralateral limb strength is altered and whether perception of strength correlates with perception of stimulus intensity (magnitude) in a prospective sample of patients with unilateral right (RHL: n ϭ 13) and left (LHL: n ϭ 6) hemisphere lesions due to stroke. Patients with RHL tended to overestimate strength and patients with LHL tended to underestimate strength; both patterns were highly correlated with altered perception of stimulus magnitude.
Abstract-The authors examined whether perception of contralateral limb strength is altered and whether perception of strength correlates with perception of stimulus intensity (magnitude) in a prospective sample of patients with unilateral right (RHL: n ϭ 13) and left (LHL: n ϭ 6) hemisphere lesions due to stroke. Patients with RHL tended to overestimate strength and patients with LHL tended to underestimate strength; both patterns were highly correlated with altered perception of stimulus magnitude. It is unknown whether most patients perceive motor function accurately after stroke. Perception of strength is overestimated by patients with right hemisphere lesions (RHLs) who either deny or lack concern about hemiplegia (anosognosia and anosodiaphoria, respectively). 1 Catastrophic emotional reactions following stroke, more commonly associated with left hemisphere lesions (LHLs), 2 imply an overreaction to deficit; however, perception of motor function has not been examined in these patients or in prospective samples of stroke patients unselected for deficits in awareness. It is also unknown whether perception of strength and sensory stimulation are related. Both sensory thresholds and perception of suprathreshold stimulus intensity (magnitude estimation) are commonly altered after stroke. 3, 4 Magnitude estimation is mediated by a distributed cortical system in each cerebral hemisphere with critical components suggested by fMRI studies in temporoparieto-occipital cortex. 5, 6 Estimates of strength and stimulus intensity may be mediated by the same system, in which case, altered perception of strength and stimulus intensity should be correlated in persons with disruption of the system due to stroke.
This pilot study investigated two questions: 1) Is perception of strength altered in prospective samples of patients with RHLs and LHLs who are unselected for deficits in awareness? 2) Is perception of contralateral strength correlated with perception of stimulus magnitude (line length)? We used line length estimation because it is sensitive to change in magnitude estimation following unilateral brain injury 3, 4 and because it is not confounded by elevated sensory thresholds contralateral to brain injury.
Methods. The study was approved by the University's Institutional Review Board. Thirteen patients with unilateral RHLs (mean age ϭ 55.2 years, SD ϭ 15.8) and six patients with LHLs (mean ϭ 47.0, SD ϭ 22.2) due to stroke were tested as part of a standard clinical evaluation upon admission to a subacute rehabilitation hospital (mean stroke chronicity was 15.4 days, SD ϭ 14.5 for RHLs and 12.7, SD ϭ 8.6 for LHLs). Fewer patients with LHLs than patients with RHLs were included because aphasia precludes assessment of magnitude estimation. Lesion information was obtained from the neuroradiologic reports of clinically obtained brain scans (table). Lesion involvement was coded by anatomic region using published templates. 7 Unilateral neglect was assessed using line bisection 8 and line cancellation tests. 9 Awareness of functional limitation (AFL) was assessed using a fourquestion, 8-point scale (8 ϭ full awareness). Conventional strength ratings using a 0 to 5 scale were made by a physiatrist (X.Z.). Patient ratings of strength were obtained for each upper and each lower extremity by a neuropsychologist (J.H.B.) using a 0 to 10 scale (10 ϭ normal). A strength estimation accuracy (SEA) score was derived from both ratings as follows: SEA ϭ [patient rating Ϫ (physiatrist rating) · 2]. Zero indicates agreement, a positive score suggests a patient's overestimation of strength, and a negative score suggests underestimation relative to the physiatrist's rating.
Magnitude estimates of line length were derived from line bisection based on previous studies 3,4 that used five different line lengths (1.7, 3.2, 6.3, 12.5, and 25 cm.). Length estimation is calculated for patients with RHLs by doubling the distance from the right end of the line to the bisection mark and from the left end for patients with LHLs. This procedure yields results similar to having subjects reproduce line lengths either directly or from memory. 4 Data were log-transformed to make them linear and estimates of length were regressed on measured length to yield power functions. The slope or exponent of the power function summarizes the relationship between subjective and objective measures of line length. The size of the exponent for length estimation in normal subjects is 1. 10 Altered perception of line length following RHL has been associated with a decreased exponent. 3, 4 Analyses. Mean SEA scores were compared between groups using the Mann-Whitney U test. Correlations between the SEA scores and power function exponents (and between the SEA and AFL scores for RHL patients) were calculated using Spearman's .
Results.
The AFL scores for patients with LHLs (mean ϭ 7.83, SE ϭ 0.17) were higher than for patients with RHLs (mean ϭ 5.77, SE ϭ 0.59) (Mann-Whitney U ϭ 14.5, p Ͻ 0.023). The AFL scores in patients with RHLs were variable Additional material related to this article can be found on the Neurology Web site. Go to www.neurology.org and scroll down the Table of Contents for the May 9 issue to find the title link for this article.
but did not correlate with the SEA scores (p Ͼ 0.05). Only two patients with RHLs (Patients RHL7 and RHL19) demonstrated neglect on both bisection and cancellation tests. No patient denied contralateral weakness when present (anosognosia), and none exhibited a catastrophic reaction to stroke clinically.
Group comparisons of the SEA scores revealed a trend (Mann-Whitney U ϭ 19.5, p Ͻ 0.08) toward overestimation of strength in patients with RHLs (mean ϭ 1.15, SE ϭ 0.72) and underestimation in LHL patients (mean ϭ Ϫ0.42, SE ϭ 0.58). This trend was carried by a subset of patients as five patients with RHLs had ratings that agreed with the physician and one produced a negative SEA score and two patients with LHLs had ratings that agreed with the physician and one produced a positive SEA score. The mean power function exponent for length estimation was not different between patients with RHLs (mean ϭ 1.01, SE ϭ 0.02) and patients with LHLs (mean ϭ 0.98, SE ϭ 0.02); however, five patients with RHLs (38%) produced low exponents and three patients with LHLs (50%) produced high exponents. Contralateral SEA score correlated with the size of the exponent for both patients with RHLs (r s ϭ Ϫ0.74, p ϭ 0.01) and patients with LHLs (r s ϭ Ϫ0.81, p ϭ 0.05), but the pattern of association was opposite between groups. The SEA score increased as the power function exponent decreased among patients with RHLs (figure 1) and the SEA score decreased as the exponent increased among patients with LHLs (figure 2).
Discussion. Altered perception of contralateral limb strength was commonly observed in the subacute stage of both right and left hemisphere stroke, but altered strength perception was not simply due to anosognosia or neglect. Neither anosognosia nor neglect was common in our sample and neither variable was consistently associated with strength perception. Instead, strength perception was highly correlated with perception of stimulus magnitude and the pattern of association was opposite between patients with right and left stroke. A decreased power function exponent was associated with overestimating contralateral strength in patients with RHLs, whereas an increased exponent was associ- (see also figure E-1 on the Neurology Web site at www.neurology.org). These findings have clinical relevance because overestimating strength can place patients at risk of falls, in which case, rehabilitation can focus on confronting limitations to foster appropriate caution. Conversely, there may be a need to confront doubt about residual ability in patients who underestimate strength to offset despair or frustration. Finally, altered perception of strength and stimulus magnitude following RHLs and LHLs may exist along a continuum of severity, which in extreme cases might help explain the failure of anosognosic and anosodiaphoric patients to acknowledge and appreciate deficits and the exaggerated emotional responses of patients with catastrophic reactions to stroke. 
